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Multiple planned dams in developing countries, mostly for hydropower, are threatening
some of the world’s great river systems. Concern over their social and environmental
impacts has led to hydropower being excluded from the sustainability term ‘green
energy.’ Better planning, design and operation of hydropower dams could guide where
to build and not to build, and how to mitigate some of their negative impacts. Impact
assessments presently done for dams include Cumulative Impact Assessments (CIAs)
or similar at the basin level, and Environmental Impact Assessments at the project level.
These typically do not detail how the river ecosystem could change and the implications
for its dependent social structures. A comprehensive Environmental Flows (EFlows)
Assessment does provide this information but is almost always not linked to the other
impact assessments. When done at all, it is often rudimentary; rarely basin-wide; and
almost always done after major development decisions have already been made. A more
effective approach for any basin targeted for hydropower or other large dam development
would be to formally and automatically embed the requirement for a basin-wide, detailed
EFlows Assessment into a CIA. This should be done at the earliest stage of planning,
before dam sites are selected and allocated to developers. The EFlows method adopted
matters, as it dictates the scope and flexibility of a study. Rapid one-size-fits-all methods
do not provide the detail that governments and other stakeholders need to understand
the possible future of their river basins, negotiate and make informed decisions.
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BACKGROUND
The global demand for energy is driving an unprecedented surge in dam building to generate
hydropower (Zarfl et al., 2015). Much of this construction is in areas relatively untouched by
development until the last decade or so, targeting natural areas and river systems that supply water,
food and lifestyle support to hundreds of millions of people. The scale of new or planned large dams
is immense: more than 300 in the Mekong Basin of which 176 are for hydropower (http://www.
cgiar.org); 60 in the Brazilian Amazon and 200 in the Northeast Indian Himalayas (https://www.
internationalrivers.org). Southern Africa’s largest river, the Zambezi, already has four hydropower
projects (HPPs) producing 5 GW of installed hydropower, with a further 130 GW of potential
identified (Beilfuss, 2012). China plans 120 GW of new hydropower from the Salween, Mekong,
Yangtze and Brahmaputra Basins.
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It is widely recognized that dams offer numerous benefits
to humanity, but the scale of hydropower construction now
planned or underway will adversely affect the diversity and
resilience of whole river systems, crossing national boundaries
with substantial knock-on effects into politics and human conflict
(Zarfl et al., 2015; King and Brown, 2018). Concerns over the
social and environmental impacts of HPPs (US EPA, 1989; Abell,
1994; Vörösmarty et al., 2010; Pierce-Smith, 2012) are such
that hydropower has been excluded from the sustainability term
‘green energy’ (Maurer et al., 2011; Gibson et al., 2017). The
growing negative image of hydropower seems to stem from a
common, intractable business-as-usual view that fails to engage
meaningfully with the importance of the full range of values and
uses of river ecosystems. There is an apparent widespread–not
necessarily universal–inertia to embracing new thinking in large-
scale water planning. As governments, international funders and
River Basin Organizations commit themselves to more caring
and equitable development, their adherence to these principles is
far from assured. Sustainable development of water resources is
at greater risk than ever before. A new wave of river degradation
is underway and hydropower is becoming firmly linked to this.
We believe that hydropower has a potentially valuable role
to play in some national economies, and that better planning,
design and operation of HPPs could help mitigate some of their
negative impacts. This would have to include, from the earliest
stage of planning, formal inclusion of detailed information on
the ecological functioning, ecosystem services and social values
of targeted river ecosystems, for the full range of stakeholders
to consider. In three decades of such work, we have found
that comprehensive Environmental Flows (EFlows) Assessments
generate a vital portion of the necessary data and understanding
for this to happen, providing information that was not available
to decision makers until the last decade or so.
EFLOWS ASSESSMENTS
EFlows Assessments provide information on the links between
river flows and river health. In their most comprehensive form,
they describe the predicted basin-wide ecological and social
outcomes linked to scenarios of different water management
options. Where new hydropower is involved, the scenarios
can also encompass different permutations of dam numbers,
locations, designs, operations and power generation. This
provides important insights on dam viability, consequences
for ecosystems services and biodiversity, and the trade-offs
needed to ensure sustainability. Such information is invaluable
in helping guide decisions on whether or not to build, the
design of meaningful mitigation measures, the fine-tuning of
dam operation and, in some cases, identification and design of
biodiversity offsets.
Conventional wisdom is that the level of detail for an EFlows
Assessment should increase as the scale of the assessment
decreases, so that basin-wide assessments can be done as
rapid, low-resolution, low-confidence inputs and project-specific
assessments as high-resolution detailed inputs (Richter et al.,
1997; Arthington et al., 2003; Acreman and Dunbar, 2004). We
have come to believe that this is not necessarily so and, under
the scale of HPP and other dam development now underway, the
EFlows approach that would most often make sense is one that is
basin-wide and highly detailed.
WHY?
HPPs’ impacts on rivers are specific to their design, location and
operation, and to the nature of the targeted river. Many HPPs
in one basin each contribute an impact, plus an additional layer
of group impacts that no single HPP might produce. In multi-
HPP planning, now all too common for the world’s large river
basins, we can no longer afford to consider proposed projects
in isolation but need in-depth EFlows investigations at an early
stage of planning that consider the potential incremental and
cumulative impacts over a whole basin from a suite of projects
(e.g., NCEA, 2015).
At present, HPP investigations are largely confined to
economic and engineering considerations, with perhaps some
preliminary low-resolution, broad-scale biodiversity inputs.
Governments might provide a list of planned HPP sites with
pre-granted environmental licenses (Maurer et al., 2011), but
typically the criteria for their selection relate to power generation
and the cost of energy. These sites may then be allocated to
developers (IFC, 2012). Major decisions on location, design
and price of electricity are thus frequently made with at best
rudimentary consideration of the social, biodiversity and river-
health implications for the whole basin. In some cases, a Strategic
Environmental Assessment (SEA; NCEA, 2015), Cumulative
Impact Assessment (CIA1; IFC, 2013) or similar is done to guide
decision-making in these basins, but almost always these post-
date the major decisions on number and location of HPPs, and
are relegated to tinkering with an already-laid plan (Meynell
et al., 2014). Further, unless they include a detailed, systematic
EFlows Assessment they too run the risk of failing to identify or
address key environmental and design challenges related to the
river ecosystem and its dependent people.
Developers may thus later be faced with, and could
understandably be reluctant to address, issues that had not
been spelled out when the project was awarded. These could
include a requirement to release EFlows beyond those factored
into their bid, to forego peak-power generation, or to meet
international funders’ safeguards or performance standards, such
as “no nett biodiversity loss” (IFC, 2012). At a fairly advanced
stage of planning, potential impacts that did not form part of the
original decision to invest might surface and need to be addressed
through adherence to the mitigation hierarchy of Avoidance,
Minimization, Restoration and Offsets (Mitchell, 1997; IFC,
2012), with new implications for the viability of the project.
Faced with such potentially deal-breaking uncertainties some
1The International Finance Corporation (IFC) defines a CIA as “the process of
analyzing potential cumulative impacts and risks of proposed developments in the
context of the potential effects of other human activities and natural environmental
and social external drivers on chosen valued ecosystem components over time, and
proposing concrete measures to avoid, reduce or mitigate such . . . impacts and risk
to the extent possible” (IFC, 2013).
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companies are becoming reluctant to participate in auctions
(Maurer et al., 2011).
HOW DO DETAILED BASIN-WIDE EFLOWS
ASSESSMENTS ADD VALUE?
An holistic detailed EFlows Assessment uses permutations of
potential water-resource developments in scenarios to predict
changes in river health, river resources (such as fish and other
food items), biodiversity, river-dependent rural lifestyles and
other strategic considerations. The predictions are made at a
level of detail that stakeholders can relate to. Done at the
basin scale, an EFlows Assessment can identify: the incremental
and cumulative effects of all proposed projects on the above;
thresholds in the degree of environmental and social impacts;
the least- and most-sensitive river reaches in a basin; barriers to
flow, sediment and biota that would be least or most destructive;
which tributaries could best be developed and which conserved
with natural flows and fish migrations (sacrificial v sacrosanct);
the configuration, design and operation of dams that would
best promote biodiversity and support fish populations; which
rivers are most important to rural communities and why; and
how much water in what pattern of flows would be required
to maintain different parts of the river system at various levels
of health. Opportunities and risks not apparent in single-dam
studies are revealed andmitigation impossible at the project scale
may become possible in the wider context.
From the perspectives of the developers, funders,
governments and society it makes sense to have all of this
information available, in detail and at a basin level, before the
development pathway for the basin is agreed and project sites are
chosen and awarded. Because of this, EFlows Assessments are
becoming a prominent vehicle through which IWRM manifests,
allowing informed stakeholder and biodiversity negotiations
before decisions are made. The challenge is ensuring the
appropriate investigations are done at the appropriate time.
HOW MUCH DEVELOPMENT IS TOO
MUCH?
From such work, the concept of Development Space (i.e.,
development potential) has evolved to address concerns over
the widespread development-driven degradation of river systems
(Figure 1). The concept provides a limit, identified by the
stakeholders via EFlows scenarios, beyond which further
development should not proceed because of the resulting
social and ecological degradation (King and Brown, 2010).
Demonstrating a real road to sustainable development, the
country/ies involved accept the limits of development that
they identify from the scenarios, and can then apportion the
Development Space among themselves in an agreed way that
could allow slower-developing countries/sectors to still have their
share to use as and when they wish. This becomes, in essence,
the foundation of the basin development pathway. Multiple such
basin studies form the foundation of country, region or global-
based optimization of development and biodiversity protection
(Zarfl et al., 2015). Although the end point of the Development
Space could theoretically be shifted to the right over time, its
value in terms of sustainability lies in not readily doing that but
by rather strategizing to live within its limit.
ADVANTAGES OF THE BASIN-WIDE
APPROACH
The basin-wide EFlows approach reflects the principles of
the World Commission on Dams (WCD, 2000) and has the
potential to identify win-win situations. Although governments
and developers may view such large-scale planning as onerous
and individual project developers feel it is outside their scope of
operations, it has the potential to produce multiple benefits for
them (Opperman and Harrison, 2008).
• Less uncertainty and controversy: the overall basin plan
is negotiated and agreed, and thus there is lower risk for
individual developers and funders.
• More streamlined project-level review: there is greater
certainty during the review process for individual projects
because many of the issues will have been identified and
addressed at higher levels of planning.
• Less expenditure on assessing impacts: the EFlows Assessment
and biodiversity offset studies are river/basin specific rather
than project specific, with costs of these studies shared by
developers in a basin. Later more limited EFlows Assessments
for individual projects would cost less than if they were stand-
alone.
• Fewer operational constraints: a potentially significant portion
of the mitigation obligation of an individual project will be
accomplished through contribution to basin-/regional-scale
mitigation.
• Positive public recognition: the approach should lead to better
energy and conservation outcomes, meeting a standard that
the public increasingly demands of development.
• Preferential access to funding: the approach advances
hydropower as a source of renewable and sustainable energy
in the globalmarket, providing access to carbon-offsetmarkets
and mechanisms.
WHAT NEEDS TO CHANGE?
The sequence of phases of new dam projects is Scoping,
Pre-feasibility, Feasibility, Construction and Monitoring. The
available impact assessment processes are SEAs, which have
a broad spatial and sectoral scope and include strategic
political, economic and institutional considerations (NCEA,
2015; Bidstrup et al., 2016); CIAs, which are sectoral and,
in the case of hydropower, operate at the spatial scale of
river basin or sub-basin; and EIAs, which are project focussed
(Baxter et al., 2001). EIAs and CIAs are tasked with proposing
concrete measures to avoid, reduce or mitigate identified impacts
(Mitchell, 1997), while SEAs generally are not. Conservation
Assessments (CA) of whole river basins also occur, but tend to not
be linked to, or necessarily inform, water-resource development
plans.
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FIGURE 1 | The concept of Development Space, defined by stakeholders after consideration of EFlows scenarios.
FIGURE 2 | Present and suggested future timing of the various conservation and impact assessments for new dams.
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For two decades or more it has been obvious that detailed
EFlows Assessments, with their in-depth insights into river
functioning, should be automatically embedded into each of the
above kind of impact assessments where dams are involved, but
almost always they are not. As a result, the substantial changes
that can occur to the river ecosystem and its dependent social
structures with development are not elucidated. Although some
progress has been made in including EFlows work in single-dam
projects, basin-wide EFlows Assessments, within or outside the
other impact assessments, remain rare. This is at a time when
such over-arching perspectives of potential change are more
urgently needed than ever before.
A better approach for a basin where multiple HPPs are
planned is to synchronize an in-depth, basin-wide EFlows
Assessment with a CA, SEA, or CIA as appropriate, at the earliest
stages in the planning process (Figure 2). Together they support
discussion and negotiation on the desired basin development
pathway, the basin Development Space, and what to build and
not build. With this completed and decisions made, potential
developers would better understand their environmental and
social commitments, with the benefits as listed above. Fine-




Basin development is proceeding at such a pace that countries
may be planning strategically from a technical perspective, but
are not necessarily planning for sustainability. Globally, there is
a sequence–mildly chronological but also influenced by who is
developing where, funded by whom–from basins where attention
to the maintenance of healthy river systems is rudimentary or
comes too late, to ones where careful planning precedes any
decisions on large-scale development (Table 1).
The CIAs and EFlows Assessments that are done today are
most often at the insistence of international lenders. Earlier ones
tended to have no or poor guidance on the scope of the CIA
and how to include river impacts in a structured way. Many of
the assessments have no hope of influencing decisions, and in
several cases most if not all dams were already existing or decided
upon when they started. Of the examples in Table 1, only the
Okavango assessments represent a genuine inclusion of EFlows
in the earliest stage of basin planning (King et al., 2014).
The recent partial rectification of this through guidelines on
CIAs (e.g., IFC, 2013) and EFlows (e.g., World Bank Group,
2018); the Early Stage Protocol of the International Hydropower
Association’s Hydropower Sustainability Assessment Protocol
(IHA, 2018); and other initiatives (e.g., NCEA, 2015), may lead
to increased integration of the discipline of EFlows in planning
and impact assessment exercises.
CONCLUSION
In basins where widespread water-resource development is
taking place, comprehensive basin-wide EFlows Assessments
should be a fundamental part of SEAs, CIAs or equivalent
(Anantha and Dandekar, 2012; Meynell, 2013; ASTAE, 2014).
Together, they should be done at the earliest stage of basin
planning, before sites are selected and allocated to developers, in
order to provide information on the expected cumulative impacts
on the river ecosystem and linked social structures. SEAs and
CIAs usually do not provide these insights as the associated
EFlows studies are often poor in detail and quality, and produce
simple minimum flow recommendations. This situation cannot
be well-analyzed because websites may indicate what minimum
flow was allocated to the river without providing the documents
that led to that decision or stating what the flow was meant
to achieve. Minimum flows so recommended do not capture
the complex impacts of dams on river ecosystems, and so do
not support meaningful engagement with stakeholders on the
likely future state of their river. Where a basin-wide EFlows
Assessment is done, the method used matters as it dictates the
scope and flexibility of a study. Rapid one-size-fits-all methods do
not provide the detail that governments and other stakeholders
need to negotiate and make informed decisions (ASTAE, 2014;
World Bank Group, 2018).
A common impediment to changing the situation of
ineffective EFlows studies done at the wrong time (if at all) is
the developer’s requirement to have been awarded a dam site
before investing in relevant basin studies. Developing countries
may not have the funds to complete pre-emptive basin-wide
environmental and social studies themselves before offering dam
sites to bidders, and tend to restrict their analyses mainly to
power generation options and the cost of energy. There is
growing realization that basin-wide studies in early planning
have cascading economic, social and sustainability benefits, as
listed above, but the means of doing them independently of the
developers and timeously is in its infancy. There is an urgent need
for a concerted effort from international funders, governments,
EFlows professionals and the international bodies of impact
assessors to turn the planning sequence around, and strengthen
sustainability planning for countries that may lose more than
they gain through careless development.
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